ABSTRACT
Although easy to perform, the local infiltration has several disadvantages including need for larger volume of anaesthetic (propensity for toxicity), non homogenous tissue perfusion and delayed wound healing (3, 4, 5, 6 ) that could be avoided by the use of a suitable regional anaesthetic procedure. The lumbosacral (L6-S1) epidural anaesthesia provides excellent conditions for undertaking conventional abdominal surgical procedures such as caesarean section, cystorrhaphy and ventrolateral hernias (5, 7) . Although frequently used for conventional surgeries, the use of lumbosacral epidural anaesthesia in goats undergoing laparoscopy has not been reported to date. Satisfactory relaxation of the abdominal musculature expected following epidural anaesthesia may increase the intra-abdominal space and therefore make manipulations easier during laparoscopy.
Lignocaine hydrochloride is the most widely used local anaesthetic (6, 8) . Ropivacaine hydrochloride, a recently developed agent (9) has not been used widely in veterinary practice. Preliminary reports indicate that as an epidural anaesthetic, ropivacaine is effective and safe in healthy and uremic caprines (10, 11, 12) . In human practice, advantages like lower propensity for motor blockade and reduced central nervous system and cardio toxicity have been reported (13) .
The present study evaluated lignocaine hydrochloride and equipotent dose of ropivacaine hydrochloride as lumbosacral anaesthetic agents in goats undergoing laparoscopy assisted embryo transfer.
MATERIALS AND METHODS
The present study was conducted on twelve clinically healthy adult Pashmina and Bakerwal female goats undergoing laparoscopy assisted embryo transfer. Standard management, feeding schedule, regularly deworming and vaccination practices were followed in the farm to maintain all the animals. All the goats were fasted for 24 to 30 hours preoperatively. The study protocol was approved by the Institutional Animal Ethics Committee (IAEC) of Faculty of Veterinary Sciences & AH, Shere Kashmir University of Agricultural Sciences and Technology of Kashmir, Srinagar, Kashmir, India. Two days prior to the planned laparoscopy, the animals were thoroughly examined, weighed and their ventral abdomen clipped and shaved properly. They were assigned randomly to two groups (I and II) and subjected to lumbosacral epidural anaesthesia using lignocaine hydrochloride (Inj. Lox 2%, Neon Laboratories, India) 4mg/kg or ropivacaine hydrochloride (Ropin 0.5%, Neon Laboratories, India) 1mg/kg respectively. The age (mean ± S.E) of the goats belonging to group I and II (assessed from the farm records) was 26.00 ± 1.26 months and 21.00 ± 1.34 months. They weighed (mean ± S.E) 31.00 ± 2.63 kg and 30.50 ± 1.56 kg respectively.
The lumbosacral space was located as a depression on the dorsal midline just caudal to the arbitrary line joining the anterior borders of the ilia. The site was clipped; shaved and applied 70% isopropyl alcohol. The animal was restrained in standing position against a concrete wall and 2% lignocaine hydrochloride (0.5 ml) deposited subcutaneously at the injection site. A G-18 (3.85 cm length) hypodermic needle was used to deposit the local anaesthetic solution following the 'hanging drop' and 'flow without resistance' methods ( Figure 1 The animals were subsequently released and allowed to stand on a level ground till satisfactory induction indicated by the paralysis of the animal's hind-limbs and loss of sensation and reflexes ( Figure 3 ).
(laparoscopy period) in goats of the two groups was 19.16 ± 2.38 min and 13.16 ± 2.53 min respectively. The midline abdominal opening only was sutured routinely in layers. The portal sites were sprayed with antiseptic cum fly repellent topical preparation. The total surgical time (mean ± S.E) in goats of the two groups was 61.66 ± 15.63 min and 62.50 ± 7.53 min respectively. The animals were shifted and released in the recovery area. They were continuously watched and repeatedly evaluated up to complete recovery from anaesthesia. Analgesic (meloxicam, 0.2mg/kg) and antibiotic (amoxicillin-dicloxacillin, 0.5g) both IM were given just before leading the animals to a pen adjacent to the shed for the main flock. The animals were watched and their incision sites dressed daily till the removal of the cutaneous sutures on day 10 postoperatively.
The onset, depth and duration of analgesia and recovery were determined by noticing the sensory and motor responses in various caudal body regions. Sensory responses to the pin pricks and surgical interventions and manipulations were recorded in the perineal, abdominal (5 cm cranial to mammary glands) and umbilical (over linea alba, and bilaterally 5 cm lateral to linea alba) regions. Anal reflex, tail analgesia, analgesia of perineum and hind limb pedal reflexes were also assessed. The sensory reactions and motor deficit were graded on a 0 to 3 score scale as per the protocol described by Amarpal et al. (14) . The induction time, duration of surgery and pneumoperitoneum and the total duration of anaesthesia were also recorded.
Clinical parameters (rectal temperature, heart rate and respiration rate) and the analgesic scores were recorded immediately before lumbosacral epidural administration of the anaesthetic (T 0 ), immediately after induction of anaesthesia (T 1 ), followed by every 15 minutes up to 1 hour and every 30 min. up to 240 minutes. After that period, clinical parameters and the analgesic scores were recorded every 60 minutes till complete recovery from anaesthesia.
For the evaluation of analgesia score, Kruskal-Wallis H test (non-parametric) was used for the comparison of (mean ± S.E) values. The data for clinical parameters were analyzed by ANOVA for repeated measures for comparison of (mean ± S.E) values between and within groups using SPSS (20) version for windows. Dunett's t-test was used to determine time at which treatment response differed from baseline. The values of the clinical parameters were considered as signifi cant at P < 0.05. Immediately after induction of anaesthesia, the goats were shifted and restrained in dorsal recumbency in a cradle for laparoscopic intervention. The head region of the goat was lowered (Trendelenburg posture) to 45 O angle with the level of the flooring. The shaved abdominal area was scrubbed and draped properly for aseptic surgery. Pneumoperitoneum was created with the use of a Veress needle. Two ports (one at linea alba and the second 5 to 6 cm lateral to it) were created 3 to 3.5 cm cranial to the mammary glands, one for introduction of the laparoscope and the other for passing the grasping forceps. After visualizing the pelvic genital tract, the uterine horn was grasped, the mid-ventral portal site was enlarged to evacuate air and to pull out the uterus for transfer of the embryos. The embryo transfer was followed by withdrawal of the laparoscopic instruments. The duration (mean ± S.E) for which pneumoperitoneum was maintained Analgesic Score Time (minutes)
RESULTS
The weight and age (mean ± S.E) of the goats included in the two separate groups of this study were similar and did not show any signifi cant (P > 0.05) difference.
Restraining the animal adjacent to a concrete wall while injecting local anaesthestic into the lumbosacral epidural space avoided movement of the animal. The deposition of the anaesthetic in the epidural space was easily accomplished in all the animals. However in one goat from group I, the spinal fluid appeared at the hub of the needle. In this animal, the needle was withdrawn carefully till the flow stopped and the anaesthetic was injected.
In animals of group I, the analgesia right from the anus to the umbilical area was complete following lumbosacral epidural anaesthetic injection up to T-30 (Figure 4-13) . The analgesia started declining rapidly from T-45. The analgesia vanished completely at T-180. In animals of group II, all the above mentioned areas and structures developed complete analgesia up to T-60. The analgesia started declining progressively from T-90 and vanished completely at T-540. Moderate analgesia persisted in most of the areas up to T-180.
In animals of group I, full motor activity was regained in 130.00 ± 12.64 min (mean ± S.E). However, in those belonging to group II it took 405.00 ± 46.31 minutes. The animals were generally comfortable in the cradle. However two animals, one each from Group I and II showed occasional struggling and/ or bleating irrespective of surgical stimulation while maintained in the Trendelenburg posture.
The anaesthetic induction time (mean ± S.E) in animals of group I was significantly (P < 0.5) shorter (5.33 ± 0.61 min) than in those included in group II (12.67 ± 1.99 min).
The duration of the actual laparoscopy and the total time required for surgery in goats of the two groups did not show any significant (P > 0.05) difference.
Animals of both the groups showed significantly (P < 0.05) higher (but within the normal range) heart rate up to T-150 when compared to their baseline value. Rectal temperature and respiration rates did not show any significant (P < 0.05) difference both between and within the groups (Table 1) . 
DISCUSSION
Lignocaine hydrochloride (2%) and equipotent dose of ropivacaine hydrochloride (0.5%) have been used in healthy goats undergoing laparoscopy assisted embryo transfer in this study.
The restraint of the animal against a wall in the standing position resulted in easy deposition of the local anaesthetic in the lumbosacral epidural space in the goats included in this study. The procedure was accomplished with minimal man power requirement and without distress to the animal. Lateral recumbency with the lumbosacral spine in full flexion has been used as an alternative way of restraint in small ruminants (3 ,15, 16) but may require more man power to restrain the animal and may also be comparatively more stressful to the animal.
Hypodermic needle was used without difficulty to inject local anaesthetic in the epidural space in goats. Conventionally the spinal needle is used for 147 this purpose in most of the species. Spinal needle has a blunt tip that results in easy appreciation of the interarcuate ligament immediately over the epidural space. Additionally, the stylet within its lumen prevents the lodgment of the subcutaneous tissue core into the spinal canal (3). However, by careful and slow insertion of the hypodermic needle, difficulties or complications were not encountered in any of the animals included in this study. The diameter and the length of the needles (G-18, 3.85 cm) were sufficient to deposit the local anaesthetic in the epidural space in all the goats. Smaller (3.25 cm) hypodermic needles (G-18) have been used in two studies involving goats and sheep (16, 17) . A 20-gauge, 3.50 cm needle has also satisfactorily been used for subarachnoid analgesia in goats (18) . Rostami and Vesal (19) reported that in fat tailed sheep weighing 24.6 ± 2.5 kg (range 21 kg -27 kg), the mean distance from the skin to the epidural space was 3.4 ± 0.3 cm (range 3.0 cm to 3.9 cm). The anal and hind quarters of the animals were kept at higher level immediately after injection of the drug to achieve its cranial spread within the spinal canal. Gravity by keeping the patient headup or head-down position may affect the spread of local anaesthetic solution within the epidural space (5) . When the animal is allowed to stand on a level surface, anterior analgesia extends up to a fourth of the distance from the pubis to the umbilicus (5). The bilateral anaesthesia is possible if the animal is positioned prone or supine so that the vertebral canal is horizontal (20) .
The animals of the two groups were subjected to a short period (19.16 ± 2.38 and 13.16 ± 2.53 minutes respectively) of pneumoperitoneum. They were kept in Trendelenburg position only during this period. The position of Trendelenburg is convenient for cases in which it is desirable to allow the abdominal viscera to gravitate towards the diaphragm and thus facilitate visualization and manipulations in the pelvic region (21) .
The signs of general discomfort observed occasionally in two animals, one from each group although showing satisfactory regional analgesia signify the need for incorporation of a sedative/ tranquilizer in the anaesthetic regimen of the goats undergoing laparoscopic surgery in Trendelenburg posture.
In the current study, 1 ml of 2% lignocaine hydrochloride was used per 5.0 kg body weight (4 mg/kg) in animals of group I. The standard dose of lignocaine hydrochloride for anterior epidural anaesthesia in small ruminants is 1 ml/4.5 to 7.0 kg body weight (3, 5) . Ropivacaine, reportedly a well tolerated regional anaesthetic not only in human beings (13) but also in ruminants like buffaloes (14) and goats (11, 12) , was used in animals of group II at dose rate of 1 mg/kg body weight. This dose rate was decided on the fact that ropivacaine hydrochloride is relatively 4 times more potent than lignocaine (4) .
The volume of the two preparations was kept similar irrespective of the anaesthetic agent used. Many factors have been shown to affect the cranial spread of anaesthetic within the epidural space. The variables that can be controlled by the anaesthetist include positioning the patient, choosing the site of epidural puncture, orientation of the needle bevel, determining the volume and concentration of the anaesthetic solution, and the speed of injection (8) . The anal and hind limb pedal reflex were absent and the tail and perineal analgesia profound during the initial 30 minutes of post-induction in animals of group I, but analgesia of the areas extended to 60 minutes in animals of group II. The various reflexes and responses returned to normal level quicker (180 min) in animals of group I than those of group II (540 min). The comparatively shorter (360 min) time required for the return of full perineal sensation in cattle following caudal epidural block with ropivacaine reported in a recent study (22) might have resulted from a lower (0.1mg/kg) dose of the drug used in that study. The analgesia in the umbilical and abdominal areas was complete at least for 30 min in animals under lignocaine hydrochloride epidural, but for 60 min in those injected 1mg/kg ropivacaine hydrochloride. The mild analgesic effects also persisted for a long period (420 to 480 min) in the latter group as compared to the former (180 min.) Unlike group I animals, the group II animals showed better analgesic score up to 180 minutes. The delay in regaining complete motor activity in the hind limbs was significantly longer (405 ± 46.31 min) in animals of group II than those belonging to group I (130 ± 12.64 min). Long duration of regional analgesia following the epidural use of ropivacaine in various animal species has been reported by several workers (23, 24, 11) .
All the physiological parameter values in goats included in both the groups were always in accordance with the species specifi c normal range (15, 18, 25, 26) . The rectal temperature and respiration rate values showed non-significant increase, but significant increase in the heart rate was recorded up to 150 min in animals form both the groups following epidural injection of the anaesthetic. Physiological parameters, including heart rate, respiration rate 148 and temperature are complex variables that can be altered by fear, stress, degree of anaesthesia, vascular volume, ambient temperature, muscular activity and metabolism (27, 28, 29, 30) but are not consistent or reliable indicators of pain (31) . The physiological parameter values in the higher side of the normal range along with the occasional vocalization and struggling by two goats one from each group may indicate distress. The restraining of the goats in an un-physiologic Trendelenburg posture along with pneumoperitoneum is expected to put the animals under distress. In order to minimize stress, use of a preanaesthetic (sedative/tranquilizer) in addition to the epidural anaesthesia may therefore be explored in future (32) .
CONCLUSION
Lumbosacral epidural injection of lignocaine hydrochloride (4mg/kg) and ropivacaine hydrochloride (1mg/kg) resulted in satisfactory regional anaesthesia without inducing major changes in their clinical parameters in adult goats undergoing laparoscopy assisted embryo transfer. The induction was quicker in goats injected lignocaine hydrochloride than those injected equipotent dose of ropivacaine hydrochloride. Due to the very long delay in regaining complete hind limb motor activity in animals that receive ropivacaine hydrochloride, this anaesthetic may not be recommended as a lumbosacral epidural anaesthetic drug in goats. Further supplementation of sedative/tranquilizer with lumbosacral epidural anaesthesia needs evaluation.
